Abstract Transformative changes in biological sciences during the past 25 years have led to many significant advances in oomycete research. Before the last half century there were some hints that the oomycetes were related to some algae but it is now definitively demonstrated that they do not share an evolutionary path with kingdom Eumycota and are instead placed in a new kingdom Straminipila. Clarifying this once and for all has created many opportunities, but the rapid expansion of the research community has caused some fragmentation, probably much more so than in other groups of fungi because of a lack of a unifying forum for the members of the community working on issues such as taxonomy or phylogeny. Prior to the advent of molecular phylogenetics, mycologists working in zoosporic fungi were examining the ultrastructure of the zoospore, mainly focussing on the flagellar apparatus, and managed to generate phylogenies or define clades of zoospore producing fungi that remained for the most part valid after the advances in molecular biology. Comprehensive molecular phylogenies that have been published for some genera of the oomycetes have helped in recognising a large number of new species and in the development of a wide range of DNA-based diagnostic tools. The number of genomes available for this group is increasing rapidly, pushing further the discoveries of novel host-parasite interaction mechanisms in oomycetes. Some important plant diseases that were believed to be under control have re-emerged and many new diseases have appeared particularly in forestry and even in mammals. The research community has been able to respond rapidly and effectively to these new challenges. New ecological roles for the oomycetes were found in the suppression of plant diseases and reduction of plant invasineness in natural ecosystems. There are still many challenges ahead in the oomycete community, probably the most pressing one is to establish a robust tree of life foundation like the Assembling the Fungal Tree of Life initiative. The oomycete research community is dynamic and has put to very good use the many new technological advances.
Introduction
The past 50 years is a period that was influenced by transformative changes in the life sciences, particularly in the past 25 years, which had a profound impact on the oomycete research community. The title of this paper was inspired by Clive Brasier (2009 Brasier ( , 2008 who made a similar statement regarding the biosystematics of Phytophthora species which I believe describes well many of the research and developments trends in the oomycetes as a whole. The estimated number of oomycete species is relatively small when compared to other fungal taxonomic groups and in the middle of the 20th century, there was some consolidation in many of the taxonomic groups. With the advent of recombinant DNA technology a new era began in classification, biodiversity discovery and the study of oomycete biology in general. This historical overview will focus primarily on oomycete biodiversity, systematics and phylogenetics. Other aspects of research on oomycetes will also be covered, only briefly though because so much work has been achieved in the last half century.
Fifty years ago, the oomycetes were defined as "phycomycetes having oospores" and the Phycomycetes were at the same classification level as the ascomycetes and basidiomycetes within the Fungi (Ainsworth 1961) . In the latest edition of the dictionary of fungi, omycetes are defined as a class within the kingdom Chromista (Kirk et al. 2008) . The name oomycetes (Winter 1880) and its associated formal name Oomycota (Arx 1967) will be used throughout this chapter. An alternative group name, the Peronosporomycetes, was formally proposed by Dick (2001) and is here considered a synonym as in Kirk et al. (2008) . The name change to Peronosporomycete was proposed because of an overly strict interpretation of the International Code of Botanical Nomenclature. The requirement that a generic name be embedded into the higher order name is only applied to a family rank and its typification, the rules of nomenclature above the family level are not so strict. The etymological root of Oomycota refers to the presence of egg-like structures which is certainly an appropriate descriptive name for the organisms this higher level name represents. The taxonomic rank of Oomycota varies from class to phylum and I believe that the latter, or at least a subphylum rank, would simplify and streamline the much needed reclassification within this group.
The great schism
Pringsheim (1858) recognized over 150 years ago that the oomycete reproductive structures showed similarities to those of the yellow-green alga Vaucheria. Bessey (1942) also recognised some problems with the existing classification of oomycetes. During the past 50 years, the biochemical and morphological evidences of a misinterpration of the evolutionary relationship of the oomycetes and fungi grew steadily and rapidly. Differences in biochemical pathways were identified (Vogel 1960 (Vogel , 1961 LéJohn 1971) . Bartnicki-Garcia (1966 , 1968 , 1969 demonstrated that the cell wall composition of oomycetes was primarily made of glucans and cellulose as opposed to chitins and Parker et al. (1963) showed similarities in cell wall composition with the Vaucheriaceae. Cavalier-Smith (1981 recognised and stipulated that oomycetes along with labyrinthulids, thraustochytrids, and hyphochytrids should no longer be viewed as true Fungi and be placed instead within a group he called pseudofungi, alongside the diatoms and brown algae, in the kingdom he defined as Chromista (Cavalier-Smith 1986). The final evidence that settled the ongoing controversy came from molecular phylogenetic analyses. Gunderson et al. (1987) demonstrated that Achlya and the brown alga Ochromonas were closely related when compared to organisms from several kingdoms. The small subunit (SSU) ribosomal DNA sequences showed that the genetic distance between Achlya bisexualis and Ochromonas danica was equal to the distance between Saccharomyces cerevisiae and Neurospora crassa. Using this same gene region, Förster et al. (1990) demonstrated that a zoosporic chytridiomycete was grouped with the true Fungi whereas Phytophthora species were grouped with the previously sequenced Achlya. The argument of whether or not the oomycetes were monophyletic with the true Fungi was over. It has been proposed and widely accepted that oomycetes should still be considered fungi as they share many functional characteristics such as modes of nutrient absorption and growth habit with the true Fungi (Money 1998) . Using small "f" on the word fungi is a practical solution when we want to speak about an inclusive functional group (Dick 2001) . The phylum Pseudofungi is now narrowed down to a monophyletic clade containing oomycetes, hyphophytrids and Pirsonia (Cavalier-Smith and Chao 2006) and no longer includes all the straminipilous fungi (Tsui et al. 2009 ), therefore, pseudofungi is not a useful colloquial name for mycologists. Oomycetes, other straminipilous fungi and some other non-photosynthetic osmotrophs are still included in mycology textbooks although they are now listed in a separate section of the dictionary of the fungi as chromistan or protozoan fungal analogues (Kirk et al. 2008 ). This change in "phylogenetic affiliation" from the well established mycological community originally organized under a kingdom to a new and very broad kingdom had a profound impact on the association and organization of the members of the oomycete community.
The fragmentation of science into more specialized areas has been a general trend over the past 50 years, however, this effect was probably more pronounced in the oomycete community because this taxonomic group is no longer part of the monophyletic Eumycota of mycology. At the first International Mycological Congress (IMC) of 1971, 6% of the 392 presentations were oomycete based whereas only 0.6% of the 315 presentations and 1.4% of the more than 1133 posters were on oomycetes at IMC9 in 2010. Many of the research areas covered in the subsections of this chapter are now well represented by specialized scientific societies with annual meetings where there is a significant number of contributions on oomycetes. For example, at the annual meetings of the American Phytopathological Society, the number of presentations and posters related to oomycetes went from 3.5% out of 230 in 1971 to 13% out of 878 in 2010. Attendance at mycology meetings would tend to demonstrate that the oomycete community has been shrinking when attendance at some other scientific meetings shows the opposite trend.
The movement of the oomycetes to another kingdom created challenges in generating an appropriate name for the kingdom. The phycological kingdom name Chromista excludes the colourless oomycetes, labyrinthulids, thraustochytrids or hyphochytrids that are well embedded within a large monophyletic group mostly with photosynthetic organelles. Patterson (1989) proposed, the stramenopiles, as an inclusive name describing the appearance of the tubular hairs on flagella as "straw with hairs". This taxonomic concept whereby the unifying structures are the flagellar hairs, is broader and more appropriate for the oomycetes and their related groups. The first proposal for stramenopiles was not formally presented as a kingdom but Dick (2001) did propose that the name kingdom Straminipila be applied. Unfortunately, there has been a fairly significant amount of confusion in the correct spelling of this name. There have been numerous combinations of vowels applied in the name as well as the incorrect usage of the suffix "philes" instead of "piles" (Table 1 ). This becomes a serious impediment in this day and age of digital document searches. This is an example where having a community clearly unified under one international scientific society would help settle these technical issues by consensus or votes. However, the current usage trend should be an acceptable situation for a majority rule decision. The original colloquial name "stramenopiles" as proposed by Patterson (1989) and currently used by the NCBI taxonomy is by far the most commonly used term. The more formal kingdom name Straminipila given by Dick (2001) and its derived adjective straminipilous are together the second most commonly used names.
Ultrastructure of the zoospore
The oomycete community has been proactive in making judicious usage of technological advances that can help answer important questions, regardless of the challenges that needed to be overcome to adapt the technology to oomycetes. The usage of transmission electron microscopy to look at the ultrastructure of motile zoospores is an excellent example of a challenging technological advance. The development of this technique was done with the chytrids (Barr and Hartmann 1976; Chong and Barr 1973) . The first detailed study of the ultrastructure of the flagellar apparatus of oomycete zoospores was performed by Holloway and Heath (1977) . Additional species of oomycetes, hyphochytrids and thraustochytrids were studied by Barr and Allan (1985) . The main features of the apparatus are the two different flagella, the basal bodies or kinetosomes, a transitional zone between these regions, and the roots which anchor the flagella. Within this apparatus defined by regions, there are conserved and more variable areas such as the flagellar roots. This provides an ideal situation to generate phylogenies based on morphology at various taxonomic depths and to determine if groups of organisms are monophyletic. The transitional zone ultrastructure has morphological differences that clearly separate the chytrids, the oomycetes and green algae or plants (Barr 1992) . A comprehensive multigene phylogeny of the oomycetes is not available yet and the painful reconstruction of the zoospore ultrastructure remains to be done for several oomycetes genera. However, absence of hairs on the anterior flagellum has been reported on many of the basal genera whereas differences K-bodies and vesicles are found among higher orders (Beakes et al. 2011; Beakes 1987) . Several important morphological structures used in taxonomic keys that are easily observable by light microscopy are known to be polyphyletic characters, e.g. ornamentation of oospores, and are of little use for phylogeny. On the other hand, phylogenies based on zoospore ultrastructure features such as the helix of the transitional zone or the base and root of the flagella remained for the most part valid following the advent of molecular phylogenies. Unfortunately, the technical complexity of doing transmission electron microscopy combined with the difficulties in obtaining the proper sections of zoospores is discouraging many to pursue this line of work.
DNA technology
The pioneers in oomycete research DNA was discovered in 1953 but it is in the 1970's that this discovery started to be exploited in oomycete research. Green and Dick (1972) determined by CsCl gradient untracentrifugation the percent GC composition and the presence of satellite bands for various Saprolegniaceae.
With the advent of recombinant DNA technology in the 1970's it was now possible to transform an organism with DNA from another species using a range of molecular biology protocols such as DNA digestion by restriction enzymes, electrophoresis, DNA hybridization, that had all been adapted to work with minute amounts of DNA. It started to be exploited by scientists working on oomycetes in the 1980's. The impact of the work by Gunderson et al. (1987) and Förster et al. (1990) on the classification of the oomycete at the kingdom level was mentioned above. Klassen et al. (1987) used differential DNA extraction with CsCl centrifugation to generate restriction maps of rDNA. Panabières et al. (1989) looked at restriction fragment length polymorphism (RFLP) of total DNA, Förster et al. (1989) and Martin and Kistler (1990) looked at RFLP of purified mitochondrial DNA to compare Phytophthora species whereas Martin (1991) characterized the circular plasmid in three Pythium spp. Goodwin et al. (1989 Goodwin et al. ( , 1990a ) generated species specific cloned DNA probes to detect Phytophthora species by hybridization. Hulbert et al. (1988) developed a genetic map of Bremia lectucae by RFLP whereas Michelmore (1989, 1990) studied its gene expression and identified promoters that Judelson et al. (1991) used to generate a hygromycin resistant P. infestans strain. Mao and Tyler (1991) characterized the size and the general organization of the P. sojae genome. During the 1990's, transformative molecular biology technologies, especially the polymerase chain reaction (Mullis and Faloona 1987) , became more widespread in oomycete research and were the basis for a broad range of applications.
Molecular phylogeny
With universal primers developed for fungi that also worked for oomycetes (White et al. 1990 ) and a significant number of rDNA sequences available for designing more primers it was possible to generate sequences for rDNA for a wide range of genera within the oomycetes. Briard et al. (1995) generated partial sequences of the large nuclear ribosomal subunit (LSU) for some of Pythium and Phytophthora species. Dick et al. (1999) sequenced the complete SSU from eight different genera of oomycetes. Riethmüller et al. (1999) sequenced the D1 and part of the D2 region of LSU for close to 50 species in several oomycete genera, Petersen and Rosendahl (2000) did 24 species among five orders with the same sequence region whereas Leclerc et al. (2000) looked at LSU and ITS in a study on Saprolegniaceae. Hudspeth et al. (2000) performed partial sequencing of the mitochondrial cytochrome oxydase 2 gene that included 15 genera of Oomycetes. As was mentioned above, the concept of a monophyletic group for the oomycetes clearly separated from the true Fungi had emerged and these studies supported the monophyly of oomycetes. Sparrow (1976) proposed the concept of two galaxies within the oomycetes which was formalized by Dick (2001) as the subclasses Saprolegniomycetidae and Peronosporomycetidae. An important advance in oomycete phylogenetics was to demonstrate that Eurychasma is the most basal clade identified to date (Sekimoto et al. 2008a; Kuepper et al. 2006) . The evolutionary origin of the oomycetes is currently believed to be in the sea as obligate parasites with saprophytism on land as the derived state (Beakes et al. 2011) . The peronosporalean galaxy appears to be monophyletic with the limited number of markers we have so far whereas the saprolegnian galaxy is no longer considered monophyletic once the additional more basal taxa were included (Beakes et al. 2011 ).
In the oomycetes, there have been very comprehensive phylogenies done at the genus level. Lee and Taylor (1992) generated a phylogeny for five Phytophthora species based on ITS whereas Cooke et al. (2000) produced a phylogeny for all the Phytophthora species known at the time. Lévesque and de Cock (2004) completed an equivalent study with all available Pythium species. Multigene phylogenies with very comprehensive sets of species were also completed for Phytophthora (Blair et al. 2008; Kroon et al. 2004 ). These studies among many others such as the work of Voglmayr (2003) on Peronospora provided insight into the phylogeny within selected genera but also paved the way to routine use of DNA sequencing to identify strains and specimens. This "DNA barcode" approach to identification is most robust when comprehensive and accurate databases exist. GenBank does provide the keyword "barcode" to entries that do fit certain criteria, namely, reference to vouchers such as type specimens or ex-type strains, electropherograms to assess sequence quality, and the use of one of their recognized marker for DNA barcoding. The cytochrome oxidase 1 (COI) is the default DNA barcode in GenBank and it does work to identify Phytophthora species (Martin and Tooley 2003 ). An extensive database with ca. 1,200 strains was recently produced to confirm that COI is appropriate to identify oomycetes but that the ITS de facto barcode works as well (Robideau et al. 2011) . The formal addition of ITS as barcode for oomycetes in GenBank has been proposed.
New species discovery
Species continue to evolve and where to draw the line that separates two species within a large population is not a trivial task even in this day and age of molecular systematics. A better understanding of centers of origin and species boundaries goes hand in hand with improved population genetics tools leading to a better understanding of genetic diversity, gene flow, and the speciation process. Advances specific to population genetics will be covered later when discussing some economically important pathogens. There have been some very significant studies, monographs and keys that have consolidated the status of taxonomic knowledge in important genera prior to the advent of molecular phylogenetics (Seymour 1970; Dick 1990 ; van der Plaats-Niterink 1981; Waterhouse 1967 Waterhouse , 1963 Erwin and Ribeiro 1996; Newhook et al. 1978) . Historically, new species have been mainly described by specialized taxonomists and the publications of new monographs were often accompanied by a spike in new species description. Figure 1 shows a very sudden increase in the number of species of Peronospora in 1923 (Gäumann 1923 ) and a smaller increase for Saprolegnia in 1970 (Seymour 1970) . Since 2000, the increases in new species description for Phytophthora and Pythium have been exponential and driven by many different scientists, most of them not trained as taxonomists. It has even led to the discovery of new related families and genera (Hulvey et al. 2010 ). This is a very significant departure from the past. This democratization of taxonomy is a positive step, especially with so many undescribed species present in the world that need to be documented, however, good science should prevail and describing a new species with a single strain that has a few base pair differences in its ITS sequence compared to an ex-type should be avoided. Spies et al. (2011) clearly demonstrated that there is gene flow among some of the newly described species within the Pythium irregulare complex. If molecular phylogeny becomes the new approach to define new species, the phylogenetic species concept based on multiple gene phylogeny should be applied (Taylor et al. 2000) .
Diagnostics and molecular detection
The oomycetes can be challenging to isolate or identify and there are many instances where differentiating the economically important species, which are often also quarantine pathogens, from the ubiquitous and innocuous ones is very difficult. Antibody technologies provide cheap and user friendly diagnostic tools and are still used extensively in virology and bacteriology. In mycology such technology has been rarely developed for diagnostics but they have been used in oomycetes (e.g. Kox et al. 2007; Cahill and Hardham 1994) . As mentioned above, DNA sequence databases are quite comprehensive for some genera of oomycetes and polymorphisms have been exploited extensively to develop DNA-based molecular assays. A comprehensive certification system for Phytophthora fragariae in strawberry was one of the early ones developed and was discussed as a case study in Martin et al. (2000) . Many PCR assays were developed for P. ramorum (e.g. Tomlinson et al. 2007; Bilodeau et al. 2007; Tooley et al. 2006; Martin et al. 2004; Hughes et al. 2006; Hayden et al. 2006) , to the point of causing some confusion in the international regulatory community as to which one should be routinely used. The international ring trial to evaluate several of these methods simultaneously with the same samples should become a model for other pathogens ).
The first DNA array system in mycology or plant pathology was developed for oomycetes (Lévesque et al. 1998 ) and an array with all known species of Pythium was developed for direct detection in soil (Tambong et al. 2006) . The lab-on-achip is the Holy Grail in diagnostics and such a device was recently developed for selected Phytophthora species (Julich et al. 2011) , showing again that there is leardership in the oomycete scientific community. The cloned and sequenced PCR products obtained directly from soil using oomycete-specific primers showed a wide range of unidentifiable sequences because they were either new species or known species without LSU sequences in GenBank (Arcate et al. 2006 ). This kind of work used to be very time consuming. There is no doubt that there will be a rapidly increasing number of environmental sequences obtained by using the next generations of sequencing technologies such as pyrosequencing which no longer require cloning before sequencing. Having reliable and comprehensive reference sequence databases for these markers will be more important than ever.
Genomics
Oomycete researchers have been at the forefront of plant microbe interactions and the spectacular advances in oomycete genetics and genomics are well covered in a recent book ) whereas some of the early work in recombinant DNA technology was mentioned above. The well known hypersensitive response in host parasite interaction has been attributed to the interaction between avirulence and resistance genes (Kamoun et al. 1999; Rehmany et al. 2005; Allen et al. 2004) . Amino acid signature motifs (RXLR-dEER) were identified in the first oomycete avirulence genes discovered (Birch et al. 2006; Tyler et al. 2006 ) which were demonstrated to be translocation signals to move these associated proteins into plant cells (Whisson et al. 2007 ). The complete genome sequences are now available for three Phytophthora species (Haas et al. 2009; Tyler et al. 2006) , for Pythium ultimum (Lévesque et al. 2010) and Hyaloperonospora arabidopsidis (Baxter et al. 2010) . The RXLR effectors are very common in Phytophthora and Hyaloperonospora but are absent in Pythium ultimum. Many more genome sequences will become available and we are now reaching a new level of understanding of how species differ from each other.
Oomycetes as pathogens
Oomycetes pathogens are found on all crops and in many aquatic or terrestrial plants as well as in many animals. All the different impacts of oomycetes as plant or animal pathogens cannot be covered here but a few significant examples deserve to be discussed.
The re-emergence of a disease
The most famous, or maybe infamous, oomycete is Phytophthora infestans, the species that caused the Irish potato famine in the 1800's. Until the 1980's, only a single clonal lineage of the A1 mating type was present outside Mexico or the Andes (Goodwin et al. 1994) , the centre of origin being still debated (Grunwald and Flier 2005; Gomez-Alpizar et al. 2007) , and after that the A2 mating type was introduced to both Europe and North America. This caused P. infestans to re-emerge as a very serious threat to potato cultivation by increasing its aggressiveness towards the host, reducing fungicide efficacy, facilitating its survival in soil or debris and broadening its host range to include tomato Fry and Goodwin 1997; Gavino et al. 2000; Lee et al. 1999 ). Because of the significant impact of this migration, P. infestans has become a model system for population genetics and the basis of international collaborations for population tracking (Cooke and Lees 2004; Goodwin et al. 1992; Forbes et al. 1998; Fry et al. 1992 ).
Forestry
Fifty years ago, the number of known species of oomycetes having an impact on forestry was quite low. Phytophthora cinnamomi and P. cambivora were the most notable disease agents (Brasier 2000) . More recently the impact of oomycetes on forestry has increased dramatically with wider ranges of known diseases and more importantly the emergence of agents that were not previously known. Prior to 2000, only 20% of Phytophthora species were known to have an impact in forestry whereas 60% of the species described since that time are associated with forestry or natural environments (Brasier 2009 ). This exponential growth post 2000 is mainly due to new species of Phytophthora being described that are associated with forestry ( Fig. 1) and there has been an increased interest in Phytophthora in forest environments that might be partly responsible for this sudden increased diversity. As an example, the working group "Phytophthora diseases on forest trees" (7.02.09) is one of the most active within the subdivision Pathology of the International Union of Forest Research Organizations (IUFRO). They have organized five major symposia since 1999.
The emergence of Phytophthora ramorum is an important example of the impact that Phytophthora has had on the nursery trade and forestry. This species was first described in Europe as the causal agent of a foliar and twig disease of Rhododendron (Werres et al. 2001) . Starting in the mid 1990's, "sudden oak death" disease was devastating the forests of central California. Sudden oak death was then proven to be caused by the same species that was causing disease on Rhododendrons in Europe (Rizzo et al. 2002) . In one decade there were hundreds of scientific publications and many popular press articles focused on P. ramorum. A lot of confusion and potential trade issues were avoided by immediately linking the seemingly separate outbreaks in Europe and California. This shows again the very practical and economical relevance of having an accurate Latin binomial system and how important it is to agree on species names internationally. With the availability of DNA sequence searches by BLAST, putative new species from different parts of the world can be linked together even before new species are described if the sequences are available. In forestry, some of the new causal agents belonging to Phytophthora are hybrids (e.g. Brasier et al. 1999 ) and molecular taxonomy has contributed greatly to characterizing these strains quickly and unambiguously. In P. ramorum, the need to globally agree on names at a finer resolution level than the species is also important and there has been a concerted effort to standardize the nomenclature of its clonal lineages ).
Mammalian pathogen
Aphanomyces, Lagenidium or Myzocytium have been well known to parasitize invertebrates and the impact of oomycetes as fish parasites has also been significant. Pythium insidiosum was first described as the causal agent of mycoses in horses, dogs and cattle (De Cock et al. 1987) . Reports of such diseases were noted over 100 years earlier and the only association with a possible oomycete causal agent were the reports of aseptate hyphae in the skin. P. insidiosum infections have since been reported in humans and can be the cause of either superficial or deeper systemic infections (Mendoza 2009 ). These infections have been observed in many countries but are most prevalent in Thailand. The mode of infection is through zoospores and typically occurs through the skin immersed in water. However the human eye is itself a "micro" aquatic environment and infections of the cornea have been reported (Thomas 2003) . P. insidiosum is a monophyletic complex that may require to be described as a few different species (Schurko et al. 2003) . Comparing the pathogenicity mechanisms of P. insidiosum with plant pathogens would be very interesting and the absence of a fully sequenced genome for this species is a major gap in our knowledge of oomycetes.
The hidden plant diseases
The economic impact of root rot diseases has always been hard to evaluate especially in field crop or forestry because it is difficult to perform large scale yet controlled experiments. The advent of selective systemic fungicides to control root diseases and technologies to apply fumigants on a large scale provided some options to investigate these diseases. It was demonstrated that reducing Pythium in soil was constantly associated with significant yield increases of wheat in the Pacific Northwest (Cook et al. 1987) and that the oomycete-specific fungicide metalaxyl increased the yield of various field crops in Australia despite not being effective against all species of Pythium (Harvey and Lawrence 2008) . The economic impact of endemic oomycetes that are always present and that are continuously causing some yield reductions remains to be determined.
Ecology

Biological control
Biological control of plant diseases has become a significant management option over the past 50 years and many studies have focussed on the management of oomycete diseases (e.g. Nelson et al. 1988; Paulitz and Bélanger 2001) . The biological control agents P. oligandrum (Vesely 1977) and P. nunn (Lifshitz et al. 1984 ) were discovered and have been shown to control Pythium diseases (Martin and Loper 1999) . This is a rare situation in biological control in that the control agent is from the same genus as the pathogen or pest it is controlling. The antagonistic action of P. oligandrum was shown to be through mycoparasitism and antibiosis against plant pathogenic Pythium species (Benhamou et al. 1999 ) but also through direct induction of systemic acquired resistance in the host plant (Benhamou et al. 2001) . Hopefully the genome of P. oligandrum will be sequenced soon to provide insight into this species with very unique three way biocontrol-agent/ host/pathogen interactions.
A new role for "plant pathogens"
It is hard to loose the anthropomorphic angle in science and this is particularly true for organisms that cause diseases. Packer and Clay (2000) caused a major paradigm shift by demonstrating that a Pythium sp. colonizing mature black cherry trees (Prunus serotina) is actually reducing intraspecific competition by killing cherry seedlings growing under the canopy. They further demonstrated the importance of Pythium in this system by showing that the presence of some species was necessary to reduce the invasiveness of this plant species (Reinhart et al. 2010) and that their absence in Europe was the main reason for high density growth and invasiveness of P. serotina. The Pythium sp. from Packer and Clay (2000) was subsequently described as the new species P. attrantheridium (Allain-Boulé et al. 2004 ) which had been extensively isolated from apple trees suffering from apple replant problem. Some Pythium species appear to have evolved to colonize the roots of mature trees to prevent the establishment of young trees of the same species under the canopy. In such natural system, it would be beneficial to the well established trees to maintain a certain level of root colonization by rather weak root pathogen that are more aggressive on seedlings or young plants. However, in a horticulture or sylviculture situation where mature trees are removed or harvested to be replaced by young saplings, this could lead to a significant replant problem.
Conclusion
The oomycete community desperately needs an initiative such as the Assembling the Tree of Life (AFTOL) which served to really unify mycologists from a wide range of expertise. One of the unexpected side effects of the fact that many mycologists working on oomycetes are no longer interacting with mycological societies has been the deepening of the split between the marine/aquatic and terrestrial scientific communities. The major oomycete symposia and workshops that are now found at phytopathological meetings such as the International Congress of Plant Pathology or the American Phytopathological Society do focus on terrestrial and plant pathogenic species. Saprophytic growth in oomycetes appears to have derived from simple holocarpic parasites living in the ocean (Beakes et al. 2011) . In order to generate a complete phylogeny of oomycetes and truly understand their evolution, a better coverage of obligate parasites from less well known environments and hosts will be needed (e.g. Sekimoto et al. 2008b) . Even for the obligate parasites of plants such as the downy mildews, advances are being made (e.g. Thines et al. 2008 ) but a major effort will be required to generate molecular data for many of the described species that are in herbaria. As we are working at building up a robust tree of life for oomycetes and as we are sequencing multiple markers for an increasing number of taxa, it is becoming apparent that some well known and economically important genera are polyphyletic (e.g. Riethmüller et al. 2002) . We should refrain from sweeping reorganization of the oomycetes and their genera, particularly when many practitioners are routinely using the names for their work, until we have a more robust multigene phylogenetic framework.
There is no doubt that molecular biology will continue to play a leading role with the advent of technologies like single DNA molecule sequencing which should provide complete genome sequences at what used to be the cost to sequence a few genes. Single molecule DNA sequencing might help to solve the issue of obtaining sequence data from type specimens. These advances will be beneficial to all mycologists but in order to make the most effective use of the new technology and data for understanding better evolution and biodiversity, researcher working on oomycetes will need to interact among themselves better than they have done in the recent past.
